The granular fill overlying the soft soil is reinforced with one planar layer of geosynthetics which is subjected to axisymmetric loading. Pasternak's model has been modified to incorporate the 'tensile membrane' action of reinforcing layer. Tensile forces within the reinforcement induces confining stress along the interfaces which is being quantified in terms of increase in shear modulus of the granular fill. In this paper variable shear moduli of the granular fill have been obtained based on axi-symmetric loading situation. Nonlinear hyperbolic responses of the granular and soft soil are introduced into the formulation. Parametric study reported in this paper signifies that confinement effect of single reinforcement layer ensures improved response of the foundation. A practical example explains how a single layer of reinforcement improves the shear modulus (G) of the soil compared to the unreinforced granular fill resting on soft soil.
1.Introduction
In reinforced foundation system shear transfer occurs at the interface by the mobilization of the induced tensile force in the reinforcement. Efforts have been made by many (Madhav and Pooroshasb 1988 , Ghosh and Madhav, 1994a , b, 1997 to evaluate the nature of tensile forces both experimentally and numerically. Considerably umpteen numbers of analytical and mathematical models are available in the literature to recast above problems from the view point of realistic quantification and prediction of the actual system behaviour. The basic aim of all such approaches have been primarily to predict the amount of tensile forces developed within the reinforcement so that a choice could be made for the design geosynthetic requirement. Almost the same has been the approach for the stability requirement of the reinforced earth retaining wall system, reinforced slope or embankment structures. In none of these investigations, the effect of tensile reinforcement (extensible, e. g, planar geosynthetics or inextensible, eg. iron or aluminium metal strips) on the internal system modification could be accounted for. Some way of looking into such behavior could be in the form of interaction shear transfer, soil-reinforcement interlock and lateral bearing effect in case of grid reinforcement or adhesion effect in case of reinforced clay. The effect of applied surface loading on such reinforced soil structures have been conveniently obtained in the form of increase in load bearing capacity/stability enhancement which are mainly expressed in terms of degree of improvement compared to the unreinforced ones. However, there has been hardly any attempt, which accounts for the evaluation of confinement enhancement of the soil around the reinforcement . This paper attempts to evaluate the confinement effect of reinforcement on the load-settlement response of shallow foundation under axi-symmetric loading condition.
Confinement effect of reinforcement
In foundation beds some amount of confinement takes place with the application of foundation loads. Realistic accountability of this confinement is very difficult and complex. However, it can be generalized that stiffness of soil below the footing will be the maximum at the centre and it decays down with distance from the centre of the loading.
Increase in confinement and hence increment in the shear modulus of the soil can be conveniently expressed by empirical equations (Hardin and Drnevich, 1972) .
When reinforcement layer is placed within granular fill (Fig. 1) , tensile forces are generated due to the system There may be many reasons but in the present paper effect of tensile force in the reinforcement has been modeled in terms of increase in confining pressure and hence increase in shear stiffness of the surrounding soil. Plain strain cases have already been presented in Ghosh and Madhav (1994b) . This paper presents the same for axi-symmetric loading conditions (Fig. 1a) . Nonlinear hyperbolic stress-strain response for soft soil and shearing stress-strain response for granular fill has been incorporated into the formulation .
Statement of the problem
Schematic of the reinforced granular fill resting on Winkler springs is shown in Fig . 1 . Single geosynthetic layer, which is essentially rough and flexible, is placed within granular fill. The mechanics of interaction among fillgeosynthetic-fill-Winkler springs are depicted in the free body diagram of a representative element for axi-symmetric loading condition. It is already established that the reinforcement layer will develop tensile forces , which is responsible for improvement in the load-settlement response of the foundation (Ghosh and Madhav, 1997) . However , in the process of soil-reinforcement interaction, the tensile reinforcement layer feasibly induces inward shear interaction forces to the surrounding soil (Fig.1 c) . This phenomenon is quantified as "confinement effect" of the reinforcement layer on to the foundation response. For plain strain case description of the same are presented in Ghosh and Madhav , 1994b . The following section elaborates the formulation for the axi-symmetric condition.
Formulation of the confinement effect of geosynthetic reinforcement
At first tensile forces in the circular reinforcement, Tr has to be obtained from the basic formulation of "tension membrane" effect (Ghosh and Madhav, 1997) . Introducing hyperbolic nonlinearity relation for the soft soil (b w=ks/pu, where ks is the Winkler spring constant or modulus of subgrade reaction for soft soil, kN/m3 and p u is ultimate strength shear strength of the granular fill) (Ghosh and Madhav 1994b) , the equilibrium of forces in radial (r-axis) and vertical direction (z-axis) (Fig. 1 d) we obtain two equations with two unknowns (w and Tr) as below, reinforcement, equivalent confinement of the granular fill can be evaluated as below (Fig. 1 d) .
Hardin and Drnevich (1972) observed that shear modulus of granular soil is proportional to some power function of throughout for unreinforced foundation, the average confining as per Fig. 1 d, where, qt and qb are the average normal stresses at the top and bottom of the granular soil element. In case of reinforced foundation, and under application of external load, q the same can be obtained from Eqn. In this case only shear layer property gets modified due to equivalent confining effect and thus no changes will take place in the soft soil. The effect of tensile inclusion is incorporated in Eqn. 6. Therefore, Eqn. 1 can be generalised for confinement effect as,
In the above expression, nonlinear shear parameter, bs (r) is assumed to remain constant (Ghosh and Madhav 1994b) . w is the only unknown and this can be obtained from the finite difference solution of Eqn. 7 as expressed below,
Parametric study
From the numerical solutions of Eqn. 1 and Eqn. 2, tensile force in the reinforcement layer (Tr) and derived shear modulus (Gc) as per Eqn. 5a are presented in Fig. 2 . According to the present formulation, tensile forces are maximum increases to 3 to 4 fold near the centre of the foundation. Increase in shear stiffness is more or less confined within a distance twice the footing width. The Example problem at the end will be taken for quantitative estimation of each of the parameters.
Above characteristic is purely qualitative. For this particular case normalised parametric values are shown in the legend. The interface friction parameter at both faces of reinforcement is assumed to be same. Based on the nature of shear stiffness variation for uniform circular footing, as shown in Fig. 2 , and solving Eqn. 8, confinement effect are presented in the form of load-settlement response in Fig. 3 . Normalised load, q* is plotted against normalised footing settlement at the centre, W0. Tensile membrane effect is also shown for comparison, which is basically obtained from iterative solution of Eqn. 1 and Eqn. 2. As the results indicate, confinement effect is significant compared to membrane effect. At 10% settlement of footing (wrt footing radius, d) membrane action caused 11.6% increase in load and due to confinement action load has increased by 46% over the unreinforced one. 
